Introduction
The study of nonlinear oscillators has been investigated in the development of the theory of dynamical systems. The Van der Pol oscillator (VPO), described by a second -order nonlinear differential equation which can be regarded as a description of a mass -springdamper system with a nonlinear position ‫ـ‬ dependent on damping coefficient or, equivalently, an RLC electrical circuit with a negativenonlinear resistor, such as electronics, biology or acoustics. It represents a nonlinear system with an interesting behavior that arises naturally in several applications.
This kind of nonlinear oscillator was used by Van der Pol in the 1920s to study oscillations in vacuum tube circuits.
In standard form, it is given by a second -order nonlinear differential equation of type:
  Which can be reduced to two dimensional system of first order differential equations
is a control parameter that reflects the degree of nonlinearity of the system. In studying the case ) 1 (   , Van der Pol discovered the importance of what has been become known as relaxation oscillations [21] .
The Multistage Adomian Decomposition Method (MADM) that will be handeled in this paper, has been applied to such as the multispecies Lotka-Volterra equations [16, 17] , the extended Lorenz system [20] , the 135 prey-predator problem [7] the chaotic Lorenz system [1, [8] [9] [10] , systems of ODEs [18] , the classical Chen system [15, 1] and the Haldane equation for substrate inhibition enzyme kinetics [19] . The Homotopy Analysis Method (HAM), which was first introduced by Liao (see [11] [12] [13] [14] and the references therein), is another technique used to derive an analytic solution for nonlinear operators. It consists of introducing embedding operators and embedding parameters where the solution is assumed to depend continuously on these parameters. The method has been used intensively by many authors and proved to be very effective in deriving an analytic solution of nonlinear differential equations [5, 6, 11, 12] . In [4] we have been considered the (MADM) for solving Van der Pol system and the numerical results of this method show the efficient and powerful of the method as it compared with the classical Rungge -Kutta order four (RK45) and the classical Adomian Decomposition Method (ADM) for finding the solution of this system. In this paper we are interested to obtain the convergence of the Multistage Adomian Decomposition Method (MADM) by deriving the Homotopy Analysis Method (HAM) for this system.
The Multistage Adomian Decomposition Method for solving system (2)
Recall [4], we consider the general system: 
. Applying the inverse 
Aji ; the Adomian Polynomials Step 1: set
Step 2: while n i  we have:
Step 3: set 1  j
Step 4: while n j  do steps (5) and (6) Step 5:
Step 6:
Step 7:
Step 8: while k j  and while
Step 9: output Aji (the Adomian Polynomials)
Step 10: end.
From equation (10) 
and so on 
and so on Upon calculating the polynomials (10) and integrating, one then has for all
Where the coefficients x and y at time t for case 3 using 4-term classical ADM, 4-term MADM and RK45.
As depicted in Fig. (1), Fig.(2) and Fig. (3) , these 4-term ADM solutions are not accurate enough. However, our 4-term MADM solutions agree very well with the RK45 solutions. Now in order to obtain the convergence of the MADM, we have to derive the Homotopy analysis method for the system: 
Consider
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Where 2i
R is a differential operator,
To solve Equation (38) using Homotopy analysis method we construct the equation
Where £ is a properly selected auxiliary linear operator satisfying for properly selected h, The homotopy analysis method depends on finding a direct relationship between the two solutions which can be described as follows:
Consider the Maclaurin's series of ) ,
Assuming that the series above converges at 1   , we have by Eqs. (41) and (42) 
Conclusions
The derivation of the Homotopy Analysis method for system (2) has been applied in this paper. This method provides us with a convenient way of controlling the convergence of approximation series. We have been shown that if the series (51) converges then the two sequences 
